The bacterial strain C3
The genus Undibacterium, a member of the family Oxalobacteraceae, was created by Kämpfer et al. (2007) . At the time of writing, the genus comprises three species with validly published names (http://www.bacterio.cict.fr/ uw/undibacterium.html), these were isolated from drinking water (Kämpfer et al., 2007) or purified water (Eder et al., 2011) . In this study, we report the isolation and identification of a novel isolate, strain C3 T , from a permafrost soil sample.
In an attempt to study the culturable microbial diversity in permafrost wetland, located at the Beijicun, Mohe County, Heilongjiang province, China, bacterial strains were isolated using a serial dilution method and R2A agar medium (Reasoner & Geldreich, 1985) . The average temperatures (data from 1971 to 2000) of the sampling region (Mohe County) were 229.8 (January), 224.8 (February), 214.0 (March), 20.2 (April), 9.1 (May), 16 (June), 18.4 (July), 15.4 (August), 7.9 (September), 23.0 (October), 218.5 (November), 228.0 u C (December). Surface soil samples were collected at a depth of 20-30 cm and were not frozen at the time of sampling (September 2010). Strain C3 T was isolated from dilution after plating on R2A agar plates and incubation at 15 u C for 1 week. Colonies of strain C3
T on R2A agar were creamy coloured. Strain C3 T , Undibacterium parvum DSM 23061 T and Undibacterium pigrum DSM 19792 T were grown on R2A at 25 u C for 3 days. Colonies of strain C3 T , U. parvum DSM 23061
T and U. pigrum DSM 19792 T were about 2.2, 1.0 and 2.2 mm in diameter, respectively.
The nearly complete 16S rRNA gene (1491 bp) of strain C3
T was amplified with primers 27f (59-GAGAGTTT-GATCCTGGCTCAG-39) and 1492r (59-GGTTACCTTGT-TACGACTT-39), and was sequenced as described by Zhang et al. (2003) . 16 rRNA gene similarity was analysed with the EzTaxon tool (Chun et al., 2007) . Alignments of 16S rRNA gene sequences of the members from the genus Undibacterium were performed with the CLUSTAL_X program (version 1.64b, Thompson et al., 1997) , and the alignment positions with insertions or deletions were excluded from the calculations. Phylogenetic trees based on 16S rRNA gene sequence analysis were constructed using the neighbour-joining and maximum-parsimony methods with Kimura's two-parameter calculation model in MEGA version 3.1 (Kumar et al., 2004) .
The results of 16S rRNA gene analysis indicated that strain C3
T was related to members of the genus Undibacterium, with sequence similarities of 94.7, 96.0 and 96.5 % to the type strains of Undibacterium oligocarboniphilum, U. pigrum and U. parvum, respectively. The large differences between the 16S rRNA genes indicate that strain C3 T The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain C3
T is JQ417431.
Three supplementary figures and a supplementary table are available with the online version of this paper.
represents a novel species, therefore it was concluded that there is no need for DNA-DNA hybridization (Goebel & Stackebrandt, 1994) .The phylogenetic trees constructed with the neighbour-joining and maximum-parsimony methods indicated that strain C3 T clustered with species of the genus Undibacterium (Fig. 1) , suggesting that strain C3
T is potentially a novel member of the genus Undibacterium. Additional 16S rRNA sequences relating to those of members of the genus Undibacterium (National Center for Biotechnology Information data) were also analysed and it was found that strain C3 T has two close relatives, strains IMCC12696 and HME6890 (Fig. S1 , available in IJSEM online). Except for strains C3
T and HME6890, all the other strains of members of the genus Undibacterium were from watery environments. Strain C3
T represents the only one that is from a soil sample.
The morphological, physiological and biochemical characteristics of strain C3
T were investigated using modified R2A medium with the following components (g l . The pH was adjusted to 7.0. The Gram stain was performed according to the protocol of Gerhardt et al. (1994) with cells grown on modified R2A agar at 30 u C for 2 days. Scanning electron microscopy was used for morphological observations (Quanta 200, FEI). The growth temperature range was determined at 4, 15, 20, 25, 30, 37 and 42 u C after 12 h cultivation. The pH range for growth was tested at pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 in modified R2A medium. The pH was adjusted by addition of 5 M NaOH or HCl solutions and was verified after autoclaving. Tolerance to NaCl was examined in modified R2A medium supplemented with 0, 1, 2, 4, 5, 6, 8 and 10 g NaCl l
21
. The tests for catalase and oxidase activities and the hydrolysis of casein, starch and Tween 80 were carried out according to the protocol of Dong & Cai (2001) . Strain C3 T was phenotypically characterized by using API 20NE, API 50CH and API ZYM identification systems (bioMérieux). The 50CHB medium used in the API 50CH was diluted 1 : 3 in deionized water before use. In addition, assimilation of malate and various carbohydrates were examined in a minimal medium according to the method of Eder et al. (2011) . For the API 20NE tests, cells were suspended in AUX medium for strain C3 T and U. pigrum DSM 19792 T or diluted AUX medium (1 : 3 in deionized water) for U. parvum DSM 23061 T and tests were conducted at 25 u C and incubated for 6 days and data were read daily. Acid production from various substrates with API 50CHB and assimilation of various carbon sources with mineral medium by strain C3 T , U. parvum DSM 23061 T and U. pigrum DSM 19792
T were tested in parallel in this study, except that the substrate concentration used was 1 g l 21 in mineral medium for U. parvum DSM 23061 T and U. pigrum DSM 19792 T , and 10 g l 21 for strain C3 T . For acid production tests, cells were suspended in diluted 50CHB (1 : 3 in deionized water). API 50CHB tests were conducted at 25 uC and incubated for 72 h and data were read every 24 h. For substrate utilization in the API50CH tests, cells were suspended in AUX medium for strain C3
T , diluted AUX medium (1 : 3 in deionized water) for U. parvum DSM 23061
T and U. pigrum DSM 19792 T , and tests were conducted at 25 u C and incubated for 6 days and data were read every day.
Cells of strain C3
T were Gram-stain-negative, 0.3-0.4 mm in diameter and 1.0-2.6 mm in length, strictly aerobic and rod shaped (Fig. S2) . Strain C3
T differs from other species of the genus Undibacterium in its ability to produce trypsin, chymotrypsin, cystine arylamidase and arginine dihydrolase (Table 1 ). In the API 20NE tests, strain C3
T is positive for arginine and urea hydrolysis and negative for nitrate reduction. In contrast, U. parvum DSM 23061 T and U. pigrum DSM 19792 T were negative for arginine and urea hydrolysis and were positive for nitrate reduction (Table  1) . Assimilation of various carbon sources, as tested with T clusters together with species of the genus Undibacterium. Type species of other genera of the family Oxalobacteraceae are included in the phylogenetic analysis, and their relatedness is indicated. Burkholderia acidipaludis NBRC101816 T was used as an outgroup. GenBank accession numbers are given in parentheses. The numbers represent the confidence levels (percentages higher than 70 % are shown) from 1000 replicate bootstrap samplings. Filled circles indicate branches that are found in both the neighbour-joining and maximum-parsimony phylogenetic trees. Bar, evolutionary distance (K nuc ) of 0.01. API 50CH and in mineral medium, are summarized in Table 2 . Additional biochemical characteristics of strain C3
T are provided in the species description. Physiological features that differentiate strain C3
T from other species of the genus Undibacterium are that strain C3
T assimilates Larabinose and D-fucose.
For chemotaxonomic analyses, strain C3 T , U. parvum DSM 23061 T and U. pigrum DSM 19792 T were grown on R2A medium at 25 u C for 2 days. Biomasses were harvested and cellular fatty acids were extracted, methylated and analysed by the Sherlock Microbial Identification System (Version 6.0) following the manufacturer's instructions. Quinones were extracted and purified according to the method of Collins (1985) and were analysed by HPLC (Wu et al., 1989; Hu et al., 2004) . The major fatty acids of strain C3
T were summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c), straight chain C 16 : 0 , C 12 : 0 and C 10 : 0 , unsaturated C 18 : 1 v7c, and hydroxylated fatty acid C 10 : 0 3-OH and C 12 : 0 2-OH. In addition, the fatty acid C 17 : 0 cyclo was the only cyclopropane acid detected. This fatty acid profile was similar to those of the close phylogenetic neighbours, U. parvum DSM 23061 Table S1 . The quinone of strain C3 T was ubiquinone 8 (Q-8), which is the typical quinone characteristic of the genus Undibacterium.
For extraction of polar lipids and polyamines, cells were grown and harvested from R2A medium. Polar lipids were extracted, separated by two-dimensional TLC (Merck Kieselgel 60-HPTLC) and identified by spraying with appropriate detection reagents (Komagata & Suzuki, 1987; Minnikin et al., 1984) . Polyamines were extracted and analysed as described by Flores & Galston (1982) . Polar lipids of strain C3
T consisted mainly of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylserine, small amounts of two unidentified aminolipids, AL1 and AL2, and two unknown lipids, L1 and L2 (Fig. S3 ). This major lipid profile was similar to those of U. pigrum CCUG 49009 T , U. parvum CCUG 49012
T and U. oligocarboniphilum CCUG 57265 T . One unknown aminolipid (tagged as AL1 by Kämpfer et al., 2007) was not observed in our study, and the unknown lipid L2 differentiated strain C3
T from other strains. Strain C3
T contained putrescine and 2-hydroxyputrescine and had the same polyamine pattern as reported for U. parvum CCUG 49012 T and U. pigrum CCUG 49009 T and U. oligocarboniphilum CCUG 57265 T .
The DNA base composition was determined by thermal denaturation (Marmur & Doty, 1962) , and Escherichia coli K-12 T was used as a reference. The DNA G+C content of strain C3
T was 57.4 % (from T m ), which is higher than the values for U. parvum (50.6 %; Eder et al., 2011) , U. pigrum (52.3 %; Kämpfer et al., 2007) and U. oligocarboniphilum (52.4 %; Eder et al., 2011) .
Based on the above results, it is concluded that strain C3 T represents a novel species of the genus Undibacterium, and the name Undibacterium terreum sp. nov. is proposed.
Description of Undibacterium terreum sp. nov.
Undibacterium terreum (ter9re.um. L. neut. adj. terreum of the soil).
Strictly aerobic, Gram stain-negative, heterotrophic, oxidase-and catalase-positive. Cells are rods, 0.3-0.4 mm in diameter and 1.0-2.6 mm in length. Colonies on R2A agar 
